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Abstract 
Petroleum reservoir modeling integrates multi-
discipline research works which involve much more 
data type, huge data and complex data-flow. It is very 
important to bring the spatial data-mining (SDM)
method into reservoir modeling. According to the 
characterization of reservoir modeling procedure, 
spatial data-mining can be used in reservoir 
geological research and ranking reservoir modeling. 
Geo-statistical method, spatial analysis method, 
visualizing method and non-linear method are the most 
effective methods for reservoir modeling based on the 
type of reservoir knowledge. Spatial-overlapping 
method is used for studying the relationship between 
sedimentary micro-facies and oil production with 
statistical method. The distribution knowledge of 
sedimentary micro-facies is built by geo-statistical 
method. The visualization method is used for checking 
the exactness of reservoir model. The application in 
Wenxi I Block of Tuha oil field is shown that spatial 
data-mining technology not only improves the efficient 
of reservoir modeling, but also verifies the knowledge 
obtained from each researching stage so as to 
guarantee the integrality and exactness of reservoir 
knowledge. 
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1. Introduction
Petroleum reservoir modeling involves the multiple 
data type, huge data and complex data-flow (QIU 
Yinan, 1991; CHENG Gongyang, 2000). Not only it is 
very inefficiency, but also reservoir geological-
knowledge cannot be used deeply if only depending on 
the thought of researchers who don’t use other data 
analysis tools in reservoir modeling. So it is very 
important to bring the spatial data-mining (SDM) 
method into the reservoir modeling. 
Since the concept of KDG(knowledge discovery 
from GIS) was put forward, many researchers have 
done much more work on SDM(e.g. LI 
Deren,1994,2001). Many researchers summed up the 
recent works on SDM including the process of SDM, 
the mining method, the type of knowledge, and so 
on(e.g. WANG Xinhua,et al.,2009; FENG Difei, et 
al.,2008; Miller J., et al.,2001;Koperski K., et al.,1996). 
Many people discussed methodological and practical 
aspects of data mining (e.g. A. Feelders, et al., 2000). 
They thought that despite the predominant attention on 
analysis, data selection and pre-processing are the most 
time-consuming activities, and have a substantial 
influence on ultimate success. As visualization can 
provide information presentation and analytical 
environments which are suited for the spatial cognition 
process of common users, it has become a common 
data-mining method (P. Compieta,et al.,2007; JIA Zelu, et 
al.,2009; U. Demsar,2007).It should be combined into the 
data-mining system. But how to use these methods in 
petroleum industry is a challenge. 
2. Features of application and the type of
knowledge in reservoir modeling 
2.1 Contents of geological knowledge-database 
of reservoir 
Reservoir geological knowledge-database need be 
provided as a result of meticulous geological research 
for reservoir before reservoir modeling is started. It is 
used for providing the inputting parameters of 
conditional modeling. But as an entire geological 
knowledge-database, the whole knowledge generated 
by meticulous geological research for reservoir should 
be included in the knowledge-database. 
Reservoir geological knowledge varies with the 
level of meticulous geological research (YIN Taiju, 
1997). It can be categorized into porosity structure, 
samples, single sand body, sands group and reservoir 
group. In general, the modeling objective of reservoir 
is single sand body. So geological knowledge for 
single sand body is a key point and can be generalized 
(Table 1). 
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Table 1. Geological knowledge-database for single sand body 
 
In the geological knowledge-database of reservoir, 
some of them are the “skin” knowledge that can be 
gotten by query operation; the others are the deeper 
that need to be computed. So there is necessary to 
classify them so as to choose the method of SDM. This 
knowledge can be divided into feature knowledge, 
distribution knowledge, relationship knowledge, 
discriminating knowledge, classification knowledge 
and extreme knowledge. 
2.2 Methods for SDM in reservoir modeling 
Currently, the methods for SDM can be summed up 
as the following: induction study method, fuzzy 
mathematic method, spatial analysis method, statistics 
analysis method, non-linear method and data 
visualization method. Each method has the advantage 
and the disadvantage. They are so various that which 
one to use should be decided first. Sometimes many 
methods are integrated to get some kinds of knowledge 
in the practice.  
Especially in the reservoir modeling, using these 
methods should be more careful because the data from 
multi-discipline is very complex including geology, 
seismic, well log, test and the oil production. Its main 
features represent on the dimension, the scale and the 
uncertainty. Core data can be considered as 0D and 
well logs are 1D whereas seismic is 2D or 3D.Their 
scale also vary from micro to macro and  their 
uncertainty increases with the scale. In addition, their 
usage is different with the different subject of the 
research because they reflect the synthesis of reservoir 
properties. This results in that using these methods 
would be very careful. According to the type of 
reservoir knowledge and the feature of the data, spatial 
analysis method, statistics analysis method, non-linear 
method and data visualization method would be the 
best methods in reservoir modeling. 
2.3 Features of SDM in reservoir modeling 
The process of reservoir modeling should be 
considered as that the achievements of reservoir 
geological research is quantified, which is the 
integration and generalization of reservoir knowledge. 
Generally, the analysis of sedimentary micro-facies in 
single well is started firstly and the section of cross-
well is followed. Then the sedimentary micro-facies in 
the plane are combined according to the sedimentary 
model. These steps are repeated again and again until a 
conceptual model is satisfied. The associated-
knowledge between the sedimentary micro-facies and 
the logging-facies and the distributing knowledge 
about the sedimentary micro-facies can be obtained 
using SDM. In fact, reservoir geological knowledge 
library is built at this time. 
Reservoir model can be built after this step. Only 
reservoir geological knowledge library is needed 
without the help of SDM at this stage. Once this stage 
is over, SDM can be used to rank the model realization 
and guide the development of oil-field, for example, 
identifying the distribution of high permeable zone 
(Fig.1). 
3. Effect analysis in the practice 
Type of geological knowledge Single sand body 
Geological 
Studies 
Origin Types of micro-facies 
Types Types of litho-facies 
Distribution 
Vertical 
Vertical evolution of sedimentary structure, Granularity series, Position 
of highest permeability, Non-connected interlayer, Micro-fracture, Layer 
permeability heterogeneity 
plane Extending orientation 
Geometry Geometry of each sedimentary micro-facies 
Scale 
Distribution of length, width and thick, Ration of width and thick, length 
and width, Drilled Probability, Percentage of  each sedimentary micro-
facies 
Quality 
Statistics Features of Reservoir Properties(Porosity, Permeability, Clay 
Percentage, Oil Saturation) 
Connectivity Coordination Number, Connected Body Size, Contacting Permeability 
Geo-statistics Orientation, Range, Nugget, Sill, Anisotropy 
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Wenxi Ⅰblock in Tuha Oilfield is a very good zone 
for testing the method of SDM because its enclosing 
area is only 5.8 km2 and the locations of 47 wells is 
evenly distributed in the area. Main oil segment is 
concentrated on Qiketai Group and Sanjianfang Group 
in the Jurrasic. This would be very convenient to 
compare the result. 
3.1 Application of spatial overlapping analysis 
and statistics method 
Spatial overlapping analysis and statistics method 
are used for obtaining the knowledge of the 
sedimentary micro-facies. First, the histogram for the 
oil production of each well is generated by means of 
statistics method. Then the histogram is overlapped on 
the distributing map of sedimentary micro-
facies(Fig.2).The distributing knowledge of 
sedimentary micro-facies can be checked by 
comparing the data of production and injection with its 
distribution. For example, WX1-46 that is a production 
well is located in the center of the channel with WX1-
55 and W21that are injection wells. So the production 
of WX1-46 is high and constant. But the production of 
WX1-94 changes with the volume of injecting water 
because its location is on the edge of the channel. 
Once the distribution of sedimentary micro-facies 
is determined, the knowledge about them can be 
computed. There was two channels in the layer of 
J2S1
2.One is a single channel distributed among the 
area of W1-24 and W1-52 and its maximum thickness 
of sand is about 10m.The other is a composite channel 
spread on the wells of W1-35,W1-505,W1-55,W1-
46,W1-704 and W1-95 and the maximum thickness of 
sand is about 12m.  
3.2 Application of geo-statistical method 
As shown in Table 1, the knowledge about the 
reservoir acquired by reservoir geological research is 
qualitative or half-quantitive. This results in that the 
knowledge can be indirectly used in reservoir 
modeling. On the contrary, geo-statistical method can 
be used to get the quantitive distributing knowledge of 
reservoir properties. The knowledge about sedimentary 
micro-facies of S2 group is computed by Geo-statistics 
(Table 2).It can be concluded that NE30° is the main 
orientation of each sedimentary micro-facies that their 
volume percentage is 18%,13% and 69% respectively. 
Among them, the range of Interdistributary Bay comes 
first place as 1600m; Underwater Distributary Channel 
takes second place as 1300m. 
3.3 Application of data visualization method 
Data visualization method can vividly display the 
distribution of the variables in the unified spatial 
coordinate system through display and interaction in 
three dimensions. These variables can be integrated, 
overlapped, cut, slice and so on. This method would be 
not only used to check in the inputting data but also get 
the knowledge about the reservoir after the reservoir 
model is finished. Fig.4 is the sedimentary micro-
facies model of oil zone of Wenxi Ⅰblock. The spatial 
distribution of each micro-facies is distinct. For 
example, Mouth Bar pinches out near WX1-54. Only 
qualitative knowledge would be provided if using this 
single method. So other methods of SDM should be 
used at the same time. 
4. Conclusion 
Model about Sedimentary 
Micro-facies and Logging 
Well Sedimentary Model 
Sedimentary Section Model 
Sedimentary Conceptual 
Model 
Ranking Reservoir Model 
Application 
Data Mining
Reservoir 
Geological 
knowledge
Satisfied
Yes
No
Reservoir Modeling
Figure 1. Cross-well section of sedimentary micro-facies from WX1-73 to WX1-35 
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Although some methods of SDM are occasionally 
used in the process of reservoir modeling, they are not 
taken into account in an integrated framework. This 
practice shows that integrating the method of SDM in 
reservoir can not only improves the efficiency but also 
cross-validates the reservoir knowledge in each stage 
so as to keep its integrality and validity. 
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Figure 2. Map of sedimentary micro-facies in J2S1
2 
Table 2: Knowledge of sedimentary micro-facies in the zone of S2 group 
Zone 
Sedimentary 
Micro-facies Orientation 
Volume 
Percentage
Range
Nugget Sill 
Major Minor Vertical
S2 
Underwater 
Distributary 
Channel 
30° 18% 1300m 1100m 8 0 0.035 
Mouth Bar 30° 13% 1000m 800m 10 0 0.12 
Interdistributary 
bay 30° 69% 1600m 1300m 20 0 0.225 
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Figure 3. Model of sedimentary micro-facies from WX1-73 to WX1-35 
A. Fence model B. Cross-well model 
